Looking Forward
Transdisciplinary Modeling, Environmental Forecasting, and Management WOCE was designed to collect a comprehensive data set that could support the development of emerging global eddy-resolving ocean circulation models (Thompson et al., 2001 
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noaa.gov/hab). There is interest in
In the future, the interactive effects of human activities on global climate and marine ecosystems will need to be taken into account in making projections for purposes of environmental management and decision making. The schematic illustrates the components of an end-to-end (Climate-to-Fish-to-Fishers) model designed to study the combined effects of bottom-up and top-down drivers of an ecosystem. The toplevel model is the National Center for Atmospheric Research (NCAR) global climate model (NCAR-CCSM, http://www2.cesm.ucar.edu), which is then regionally downscaled in the California Current System using the In addition to monitoring and assessment, US GLOBEC advanced modeling approaches that aid in the development of effective Marine Protected Areas (MPAs). The first US GLOBEC publication helped to identify important regions for protection of spawning biomass of scallops on Georges Bank (Tremblay et al., 1994) . Subsequent US GLOBEC work (Botsford et al., 1994; Hill et al., 2002) advanced metapopulation modeling techniques important to MPA design.
CONTRIBUTIONS TO ENVIRONMENTAL MANAGEMENT AND PROTECTION

FUTURE CHALLENGES Stable Funding Base in Declining Federal Budgets
The US GLOBEC program sustained a research program for almost two decades, which kept the focus of the science community on a specific set of questions and goals. Without this overarching research agenda, it is unlikely sustained resources and facilities (e.g., ships) would have been directed at the study of the processes underlying marine ecosystem variability. The importance of climate in regulating marine ecosystems and the issues associated with marine resource extraction will only increase in the future.
Thus, sustained observations and longterm research efforts will be needed and will be critical to developing policy and mitigation strategies for addressing the impacts on human society. 
Importance of Monitoring and Observing Networks
The primary objectives for US GLOBEC's seagoing phases included monitoring to detect change and developing and systematically improving the needed monitoring technologies. Utilizing these new and emerging technologies, longterm observations were set up in each regional study area (see Batchelder et al., 2013, in 
this issue). Towed packages such as MOCNESS (Multiple Opening
Closing Net and Environmental Sensing System), BIOMAPER (Bio-Optical Multifrequency Acoustic and Physical Environmental Recorder), the "Greene Bomber, " and SeaSoar were used heavily in these observations (Wiebe et al., 1997 (Wiebe et al., , 2002 Batchelder et al., 2002; Hofmann et al., 2002) . While these technologies were not exclusively developed through GLOBEC, the GLOBEC program was an early adopter and proponent of technology improvement for these sampling systems (Greene et al., 1998; Harris et al., 2010) . Several efforts integrated net sampling with acoustic and optical sampling (Benfield et al., 1996; Broughton and Lough, 2006) .
Remote sampling technologies also played a part in US GLOBEC. Satellite observations were incorporated throughout the years in the field (Bisagni et al., 2001; Okkonen et al., 2003; Brickley and Thomas, 2004) and provided data for modeling efforts (Powell et al., 2006) and observational system simulation experiments (McGillicuddy et al., 2001) .
US GLOBEC was one of the first programs to install, calibrate, and validate HF radar along the California Current (Paduan et al., 2006) . are at the leading edge of research on the co-evolution of climate and regional ecosystems.
Integration Among Disciplines
The focus in US GLOBEC on a limited number of key species clearly showed important linkages and interconnectivity in marine ecosystems. However, the species-specific approach limited the scope of the science program, which was addressed somewhat through the development of end-to-end food web models (Steele et al., 2007 ). An addi- However, challenges will come from the need to include methodologies that integrate natural, social, economic, and policy research, particularly as mEBM approaches are implemented.
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